Abstract The World Health Organisation (WHO) recommends routine use of a surgical safety checklist prior to all surgical operations. The aim of this study was to prospectively audit checklist use in orthopaedic patients before and after implementation of an educational programme designed to increase use and correlate this with early complications, mortality and staff perceptions. Data was collected on 480 patients before the educational program and 485 patients after. Pre-training checklist use was 7.9%. The rates of early complications and mortality were 8.5% and 1.9%, respectively. Forty-seven percent thought the checklist improved team communication. Following an educational program, checklist use significantly increased to 96.9% (RR12.2; 95% CI 9.0-16.6). The rate of early complications and mortality was 7.6% (RR 0.89; 95% CI 0.58-1.37) and 1.6% (RR 0.88; 95% CI 0.34-2.26), respectively. Seventy-seven percent thought the checklist improved team communication. Checklist use was not associated with a significant reduction in early complications and mortality in patients undergoing orthopaedic surgery. Education programs can significantly increase accurate use and staff perceptions following implementation.
Introduction
With an estimated 234 million surgical operations performed each year around the world, a system to implement and maintain practices designed to improve patient safety is a necessity [1, 2] . Two retrospective reviews have suggested that at least 50% of all surgical adverse events are preventable [3, 4] . The majority of these are not caused by technical problems but a failure of teamwork skills, leadership, communication, decision-making and situational awareness [5, 6] . This prompted the World Health Organisation (WHO) to identify multiple recommended practices to ensure the safety of surgical patients worldwide [7] . Based on these guidelines, the Surgical Safety Checklist (SSC) was designed [8] . This is a 19-item checklist designed to improve communication between the operating team and provide a minimum standard of care that reduces complications and deaths associated with surgery. Members of the Safe Surgery Saves Lives Study Group prospectively analysed the effects of the SSC on a global scale in eight hospitals in both developed and non-developed countries [9] . Data was collected prospectively on patients >16 years undergoing non-cardiac surgery before and after implementation of the SSC. Primary end points were death and complication rate as defined by the American College of Surgeons' National Surgical Quality Improvement Program [10] occurring in the first 30 days after operation or before hospital discharge. Mortality significantly declined from 1.5% before the SSC to 0.8% afterwards and inpatient complications fell from 11% to 7%.
The SSC has been modified in England and Wales [11] and has been mandated for use for surgical procedures in several countries including the United Kingdom, Canada, America and Jordan. Many institutions within these countries already have policies to reduce surgical risk for patients undergoing orthopaedic surgery [12] [13] [14] [15] [16] [17] [18] . The SSC has not been exclusively studied in trauma and orthopaedic patients and previous studies have shown non-orthopaedic operations to be the most significant cause of preventable surgical adverse events [3] . The aim of this study was to prospectively audit use of the SSC in orthopaedic patients before and after an educational program designed to increase accurate use and correlate this with early complications, mortality and staff perceptions about the checklist.
Methods and materials
Between February and May 2009, 480 patients undergoing both elective and emergency orthopaedic operations at a single institution were prospectively reviewed. Four separate clinicians were involved in data collection. Information was collected from hospital notes and clinical review. There were 253 females and 227 males. Mean age of the patients was 56.7 years (range 2-98). Patient and procedure demographics are shown in Table 1 .
Accurate use of the 19-item checklist ( Fig. 1 ) was audited. Process measures for assessing adherence and correct completion of the checklist have been previously reported (Table 2) [9] . Complication rate and mortality in the first 30 days or until hospital discharge were recorded. The American College of Surgeons' National Surgical Quality Improvement Program definition of complications was used [10] which included: acute renal failure, bleeding requiring the transfusion of four or more units of red cells within the first 72 hours after surgery, cardiac arrest requiring cardiopulmonary resuscitation, coma of 24 hours' duration or more, deep vein thrombosis, myocardial infarction, unplanned intubation, ventilator use for 48 hours or more, pneumonia, pulmonary embolism, stroke, major disruption of wound, infection of surgical site, sepsis, septic shock, the systemic inflammatory response syndrome, unplanned return to the operating room, graft failure, and death. One hundred members of the operating room team, including surgeons, anaesthetists, nurses and allied health care professionals, were asked four questions relating to their perceptions of checklist use: whether they believed the checklist incurred an unnecessary time delay, whether the checklist improved patient safety, whether the checklist improved team communication and teamwork and whether they would want the checklist used if they were having an operation. Each response was recorded as yes, not sure or no.
After the first audit measures were taken to improve uptake and practise. Surgical safety checklist forms were placed in operating rooms so that staff members could become familiar with the details. A compulsory training video was produced detailing the correct and incorrect way to perform the checklist. Emphasis was placed on all team members being responsible and accountable for a certain part of the checklist. A 'tick and flick' approach whereby each checklist item is acknowledged but not really considered or acted upon was discouraged. Large and small group educational sessions were given to the operating room team-surgeons, theatre staff and anaesthetists. Educational sessions discussed the common causes of surgical adverse events, how the checklist could be used to prevent them and provided a forum for questions. The fundamental premise aimed to promote a culture change away from a hierarchical system whereby one or two individuals were responsible for patient safety to one that relied upon a team approach with all team members being equally responsible.
Following this, between June and October 2009, a second audit was undertaken using the same methodology. Four hundred eighty-five patients were identified and data were collected prospectively. There were 248 males and 237 females with a mean age of 53.2 years (range 1-94). Accurate and correct use of the checklist was audited and early complications and mortality recorded. The same 100 operating room team members were each asked the initial four questions relating to staff perceptions of checklist use. Relative risk (RR) statistical analyses were performed with 95% confidence intervals (CI) to ascertain risk of the event occurring relative to the exposure (educational program and infrastructure changes).
Results

Pre-training audit
Four hundred eighty patients were identified. Correct use of the checklist was performed in 38 patients (7.9%). Nine patients died (1.9%). Eight of these patients had sustained a proximal femoral fracture and died of medical complications following surgery. The other patient died of systemic 
Post-training audit
Four hundred eighty-five patients were identified. Correct use of the checklist was performed in 470 patients (96.9%) which was a significant increase (RR12.2; 95% CI 9.0-16.6). Eight patients died (1.6%). Seven of these had sustained a proximal femoral fracture and died of postoperative medical complications. The other patient died of cardiac arrhythmia. Thirty-seven patients developed a major, early complication (7.6%). No patients were anaesthetised without appropriate orthopaedic instrumentation being available. The results of both audits are summarised in Table 3 . There was no significant difference in mortality (RR 0.88; 95% CI 0.34-2.26) or early major complications (RR 0.89; 95% CI 0.58-1.37) between the two audits. It took a mean time of two minutes to complete the 19-item checklist. Staff perceptions about the checklist both before and after the educational program are shown in Table 4 .
Discussion
Use of the WHO SSC in emergency and elective orthopaedic patients at our institution was not associated with a significant reduction in early major complications or mortality. Education and infrastructure changes were associated with a significant increase in accurate checklist use and improved perceptions from operating room team members about its value. Use of a checklist to safeguard patient care is not novel. A simple central line insertion checklist has been shown to reduce infections in critical care medicine [19] . The SSC is concerned with activity within the operating room. It requires a formal pause preoperatively for introductions and briefings followed by a second pause postoperatively for team debriefings. These practises are known to be associated with improved safety measures and interpersonal communication [20] [21] [22] . The underlying philosophy of the checklist is that a true team approach with good communication between operating team members is safer and more efficient than a hierarchical system that relies on individuals [23] .
The initial implementation of the checklist was met with resistance by some operating room team members as there was a belief that many of the points were already in practise and 55% of those questioned thought the checklist conferred an unnecessary time delay. This was manifest by a low initial uptake of 7.9%. Education on the background of the checklist, the benefits of its use, and importance of a team-based approach significantly improved uptake to 96.9%. Twenty percent of those questioned still considered it conferred an unnecessary time delay; however, 80% requested the checklist be used if they were having an operation. We advocate an educational program following implementation of such a checklist in hospital trusts to optimise staff perceptions, correct use and team communication.
Preventable adverse events are common in surgery [24] with communication failures being the most common cause [6] . Seventy-seven percent of those questioned thought the checklist improved communication between team members and 68% thought this improved patient safety. In situations where theatre teams are unaware of other team members, such as emergency surgery at night, the checklist may confer benefits in terms of improved communication and team function. In this study despite a high percentage of urgent cases (28.7%), over 95% of patients had operations performed on scheduled operating lists where theatre staff knew each other preoperatively and were used to working together. This may be one reason why checklist use was not associated with a significant reduction in early major complications or mortality. Policies already in place [12] [13] [14] [15] [16] [17] [18] for reducing surgical risk to patients undergoing orthopaedic surgery may have also nullified potential benefits conferred by the checklist at our institution.
We did note a modest nonsignificant reduction in adverse surgical events associated with correct use of the checklist and no patients were anaesthetised without correct orthopaedic instrumentation being available. This may be because of improved communication between team members and the There are limitations to this study. This is a prospective design without randomisation in a single hospital setting. There is always the risk of confounding. Lack of statistical study power may have failed to demonstrate a significant difference between the two groups. Only complications defined by the American College of Surgeons' National Surgical Quality Improvement Program [10] in the first 30 days or until hospital discharge were recorded which will result in an underestimation of overall complications. Patient attendance at other institutions with early complications may also have resulted in an overall underestimation.
This study has shown that education and infrastructure changes can significantly increase accurate use and improve staff perceptions of the WHO SSC; however, this was not associated with a significant reduction in early major complications or mortality in orthopaedic patients at our institution. Patient safety is and must remain central to every aspect of surgical care and a team-based approach is thought to be fundamental in reducing risk [23] . With the advent of the new 48-hour working week and European Working Time Directive, continuity of patient care and interpersonal communication may become compromised by multiple handovers and different healthcare professionals caring for patients. In such a system, use of a checklist may provide a means to safeguard patient care and reduce preventable surgical adverse events through improved team communication and function; however, this should augment, not replace, an environment which is centred around safety for the entire patient journey.
